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THE PRECAMBRIAN SURFACE OF OHIO 
by 
Gordon L. Owens 
INTRODUCTION 
The absence of Precambrian outcrops in Ohio 
makes any study of these rocks dependent upon 
well and geophysical data. Various authors have 
published reports on Ohio's Precambrian surface 
as data became available. Hubbard (1932) gave 
a general description based on information from 
only 5 wells. Summerson (1962) had data on 38 
basement wells in Ohio to support his map of the 
Precambrian surface. Fifty-six additional wells 
have penetrated the Precambrian in Ohio since 
1962, bringing the total to 94 as of April 1967 
(table 1). The Ohio well control has been sup-
plemented by information from 39 basement wells 
drilled in the adjoining states and in Ontario, 
Canada (tables 2-7). Three of the Michigan wells 
and 6 of the Ontario wells are located just north 
of the map area. Precambrian surface elevations 
from these 133 wells constitute the control from 
which this map was constructed. 
Control elevations were picked primarily from 
well sample examinations by the author. A par-
ticular effort was made to differentiate Precam-
brian rocks from Cambrian arkosic rocks found 
immediately overlying the basement surface in 
many places in Ohio. The similar mineral assem-
blages and coloration of samples, compounded 
by small particle size, can make differentiation 
between these two systems quite difficult. Table 
1 shows, however, that we 11 samples are not 
available from all of the Ohio wells. In the ab-
sence of well samples Precambrian elevations 
were picked from gamma ray-neutron logs, elec-
trical logs, or sample descriptions, or were taken 
verbatim from drillers' logs. 
No attempt has been made to adjust the Pre-
cambrian sample elevations to compensate for 
the inherent time-lag-depth discrepencies com-
mon to samples from rotary-drilled wells. Such 
adjustments would have negligible effect on the 
100-foot contour pattern. 
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PRECAMBRIAN STRUCTURAL AND TOPOGRAPHIC FEATURES 
Plate 1 shows a structurally high Precam-
brian surface in western Ohio. It is bordered on 
the east by the Appalachian Geosyncline and 
continues westward into Indiana to the Illinois 
Basin. This gently undulating dissected surface 
has been described (Green, 1957) as the "Indi-
ana-Ohio Platform," a name that is more accu-
rate than the historical term "Cincinnati Arch." 
The area is hereafter referred to as the platform. 
In western Ohio the platform slopes 10-60 feet 
per mile to the west but slopes of approximately 
20 feet per mile are most common. A map of In-
diana's basement surface (Gutstadt, 1958, p. 18) 
shows that the 20-feet-per-mile slope continues 
into Indiana with very little change. 
In northwestern Ohio the direction of slope 
of the platform gradually changes from west to 
northwest to north and increases from 30 to 60 
feet per mile, outlining the generalized southern 
edge of the Michigan Basin. In central Wood 
County there is an anomalous area where the 
normal northwestward slope of the basement sur-
face is reversed. Correlation of the gamma ray-
neutron logs from wells located in the area of 
the anomaly shows no obvious indications of 
faulting. It is, therefore, quite possible that the 
anomaly represents an erosional remnant on the 
basement surface. 
The slightly sinuous eastern edge of the 
platform forms a ridge that delineates a hinge-
line separating the eastern from the western 
slopes of the Precambrian surface. The ridge 
can be traced from the Chatham Sag (a synclinal 
depression separating the ridge from the Algon-
quin Arch) in Ontario, Canada, south through 
Ohio into eastern Kentucky. Control shows that 
the ridge is structurally higher than any. other 
area of the platform. Relief along the ridge axis 
in Ohio is less than 600 feet and the highest 
area topographically is a strip 5 to 10 miles wide 
(measured on the -1900 foot contour) from San-
dusky County through Champaign County. 
Just east of the hinge line in Fayette County 
there is a topographic high on the basement sur-
face. This linear feature terminates to the north-
east in Pickaway County and to the southwest 
in Clinton County. A strong gravity anomaly 
mapped by Heiskanen and Uotila (1956) very 
closely coincides both in size and form with this 
high. An east-west seismic cross section (May-
2 
hew, 1960) shows a small-displacement north-
south-trending normal fault with the downthrown 
side to the east at the common border between 
Pickaway, Fayette, and Ross Counties. Eleva-
tions from three rather closely spaced wells in 
Wayne Township of Clinton County show abrupt 
reversals of the regional slope of the basement 
surface. Between the YanPelt well (P-5) and the 
McYey well (P-7) the 40-feet-per-mile eastward 
slope is essentially reversed and nearly doubled 
to 70 feet per mile. East from the VanPelt well 
to the Adams well (P-2) the basement surface 
slopes more steeply eastward at 350 feet per 
mile. Gamma ray-neutron log correlations show 
that the bottom 100 feet of the Cambrian section 
present in the two flanking wells (P-3 and P-7) 
is missing in the more centrally located VanPelt 
well. The evidence does not clearly indicate 
whether the Clinton-Fayette-Pickaway County 
Precambrian feature was formed by faulting, by 
erosion of the basement surface, or by a combi-
nation of the two processes. 
Farther down the eastern slope of the base-
ment surface, near Waverly in Ross County, 
Woodward (1961) described the "Waverly Arch." 
In southern and central Ohio, this proposed 
"Arch" would lie roughly 40 miles east of and 
parallel to the hingeline described herein and in 
northern Ohio the two features would partially 
overlap. Woodward suggests, as one alternative, 
that the "Arch" might have a Precambrian ori-
gin, but this is not supported by basement eleva-
tions from wells in central and eastern Ohio. 
These elevations furnished no evidence that the 
"Waverly Arch" exists on the basement surface. 
In southeastern Ohio the eastern slope of 
the basement surface increases from 40 feet per 
mile at the hingeline to approximately 150 feet 
per mile in Washington County, adjacent to the 
West Virginia border. This steepening slope re-
flects the basement surface of the western limb 
of the Appalachian Geosyncline and the smooth 
generalized contours on the map reflect the 
scarcity of basement control in the area. Data 
from future deep wells in southeastern Ohio will 
no doubt show the Precambrian structural con-
figuration to be much more complex than now 
shown. 
From central Ohio to northeastern Ohio the 
basement surface slope changes direction pro-
gressively from east to southeast to south-south-
east, following the northwestern outline of the 
Appalachian Geosyncline. The slope, averaging 
85 feet per mile, is about half as steep as in 
extreme southeastern Ohio. A map of the Pre-
cambrian surface in southwestern Ontario (San-
ford and Quillian, 1959) was most helpful in de-
termining contour placement and in extending 
the basement contours from north-central Ohio 
into Ontario. 
CONCLUSIONS 
The two most obvious features on Ohio's 
Precambrian surface are the Indiana-Ohio Plat-
form in western Ohio and the western limb of 
the Appalachian Geosyncline in eastern Ohio. 
The structural hingeline separating these two 
features may prove to be more geologically im-
portant than either flanking structure. Structural, 
stratigraphic, and reef traps contammg com-· 
mercial quantities of oil and gas have been 
found overlying and adjacent to such features. 
Existing evidence suggests at least partial 
fault control, a factor that may encourage fur-
ther exploratory well drilling along this hinge-
line. 
REFERENCES CITED 
Green, D. A., 1957, Trenton structure in Ohio, 
Indiana, and northern Illinois: Am. Assoc. 
Petroleum Geologists Bull., v. 41, p. 627-
642. 
Gutstadt, A. M., 195 8, Cambrian and Ordovi-
cian stratigraphy and oil and gas possi-
bilities in Indiana: Indiana Geol. Survey 
Bull. 14, 103 p. 
Heiskanen, W. A., and Uotila, V. A., 1956, Grav-
ity survey of the State of Ohio: Ohio Geol. 
Survey Rept. Inv. 30, 34 p. 
Hubbard, G. D., 1932, Pre-Cambrian in Ohio: 
Ohio }our. Sci., v. 32, p. 473-480. 
3 
Mayhew, G. H., 1960, Seismic cross section and 
structure maps (unpub.). 
Sanford, B. V., and Quillian, R. G., 1959, Sub-
surface stratigraphy of Upper Cambrian 
rocks in southwestern Ontario: Canada 
Geol. Survey Paper 58-12, 33 p. 
Summerson, C. H., 1962, Precambrian in Ohio 
and adjoining areas: Ohio Geol. Survey 
Rept. Inv. 44, 16 p. 
Woodward, H. P., 1961, Preliminary subsurface 
study of southeastern Appalachian Inte-
rior Plateau: Am. Assoc. Petroleum Geol-
ogists Bull., v. 45, p. 1634-1655. 
C
ou
nt
y 
T
ow
ns
hi
p 
A
da
m
s 
Je
ff
er
so
n
 
Je
ff
er
so
n
 
A
ll
en
 
S
pe
nc
er
 
A
sh
ta
bu
la
 
P
ie
rp
o
n
t 
T
ru
m
b
u
ll
 
C
la
rk
 
H
ar
m
on
y 
M
ad
is
on
 
P
le
as
an
t 
C
le
rm
o
n
t 
S
to
ne
li
ck
 
C
li
nt
on
 
W
ay
ne
 
W
ay
ne
 
*"' 
W
ay
ne
 
C
ra
w
fo
rd
 
C
ha
tf
ie
ld
 
L
yk
en
s 
D
el
aw
ar
e 
B
ro
w
n 
G
en
oa
 
O
ra
n
g
e 
O
xf
or
d 
P
o
rt
e
r 
R
ad
no
r 
E
rl
e 
F
lo
re
n
ce
 
F
lo
re
M
e 
F
lo
re
n
ce
 
F
ay
et
te
 
C
on
co
rd
 
Ja
sp
er
 
U
ni
on
 
F
ra
nk
li
n 
F
ra
n
k
li
n
 
G
ue
rn
se
y 
A
da
m
s 
H
an
co
ck
 
Ja
ck
so
n
 
M
ar
io
n 
U
ni
on
 
H
ar
di
n 
Ja
ck
so
n
 
H
ig
hl
an
d 
F
ai
rf
ie
ld
 
H
o
ck
in
g
 
st
a
rr
 
L
an
d 
el
l v
is
io
n 
V
M
SL
 2
66
2 
V
M
SL
 4
04
0 
B
ee
. 
22
 (
N
E
) 
L
ot
 6
0 
L
ot
 3
0 
(3
Q
) 
S
ec
. 
3 
(S
E
) 
L
ot
 2
02
6 
V
M
SL
 4
67
3 
V
M
S
L
68
1 
V
M
SL
 1
06
5 
V
M
SL
 1
06
5 
V
M
SL
 8
08
 
S
ec
. 
34
 (
SE
) 
S
ec
. 
31
 (
N
E
) 
L
ot
 7
 (
2Q
) 
L
ot
 4
 (
4Q
) 
L
ot
 1
1 
(3
Q
) 
L
ot
 5
 (
IQ
) 
L
ot
 6
 (
lQ
) 
L
ot
 1
 (
C
) 
L
ot
 4
8 
(4
Q
) 
L
ot
 9
8 
L
ot
 9
7 
(l
Q
) 
V
M
SL
 1
00
2 
V
M
B
L
53
51
 
V
M
SL
 8
63
 
V
M
SL
 5
30
 
S
ec
. 
15
 (
SW
) 
S
ec
. 
8 
(S
E
) 
S
ec
. 
3 
S
ec
. 
24
 (
SE
) 
S
ec
. 
30
 (
SW
) 
2 
m
l.
N
. 
o
f 
L
ee
sb
u
rg
 
S
ec
. 
31
 (
N
E
) 
CM
 
D
F
 
F
D
 
G
L 
G
R
N
 
P
er
m
it
 
an
d
 m
ap
 
no
. 4
 5 
60
 
19
3 
19
1 3 
D
-2
 2 3 2 5 7 50
 
44
 
24
2 
26
9 1
 9 
27
0 22
 7 11
 
19
 2 4 l 14
 
78
2 
15
2 
15
88
 
13
9 
74
 1 
12
22
 
C
em
en
t 
m
ar
ie
r 
el
ev
a
ti
o
n
 
D
er
ri
ck
 f
lo
or
 e
le
va
ti
on
 
F
or
m
at
io
n 
de
ns
it
y 
lo
g 
G
ro
un
d 
le
ve
l 
el
ev
at
io
n 
G
am
m
a 
ra
y 
• 
ne
ut
ro
n 
lo
g 
A
B
B
R
E
V
IA
T
IO
N
S 
U
SE
D
 I
N
 T
A
B
L
E
S
 1
-7
 
K
B
 
N
A
 
OW
DD
 
R
 
K
el
ly
 B
us
hi
ng
 e
le
va
ti
on
 
N
ot
 a
va
il
ab
le
 
O
ld
 w
el
l 
dr
il
le
d 
de
ep
er
 
R
es
is
ti
vi
ty
 l
og
 
S
a 
So
 
T TM
 
VM
SL
 
Sa
m
pl
e 
lo
g 
So
ni
c 
lo
g 
T
em
pe
ra
tu
re
 l
og
 
T
op
og
ra
ph
ic
 m
ap
 e
le
va
ti
on
 
V
ir
gi
ni
a 
M
il
it
ar
y 
Su
rv
ey
 L
o
t 
T
A
B
L
E
 1
 -
W
E
L
L
S
 D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 O
H
IO
 
S
am
pl
e 
W
el
l 
C
om
pl
et
io
n 
E
le
v.
 a
t 
w
el
l 
D
ep
th
 E
le
v.
 o
f P
€
 
no
. 
Q
p
er
at
o
r 
no
. 
L
ea
se
 
da
te
 
h
ea
d
 (
ft
 a
bo
ve
 t
o 
P
{:
 
(f
t 
be
lo
w
 
se
a 
le
ve
l)
 
(f
t)
 
se
a 
Ie
ve
ll
 
--
C
ab
ot
 C
or
p.
 
1
-A
 
A
. 
B
al
le
y
 
11
-2
2-
64
 
71
4 
K
B
 
37
40
 
-3
02
6 
19
58
 
C
om
m
on
w
ea
lt
h 
G
as
 C
o
rp
. 
1 
G
. 
C
o
v
er
t 
10
-1
2-
65
 
62
4 
K
B
 
37
72
 
-3
14
8 
--
H
. 
Bl 
H
. 
P
ro
d
u
ci
n
g
 C
o.
 
1 
F
. 
P
oh
l.m
an
 
11
-3
0-
64
 
80
7 
D
F
 
31
86
 
-2
37
9 
18
33
 
E
as
t 
O
hi
o 
G
as
 C
o.
 
1 
H
. 
Bl 
D
. 
B
ra
y
m
an
 
12
-5
-6
5 
96
8 
G
L
 
69
15
 
-5
94
7 
16
80
 
H
or
iz
on
 0
11
, 
In
c.
 
1
-H
 
A
. 
R
ho
a 
8
-1
2
-6
5
 
97
8 
G
L
 
67
40
 
-5
76
2 
12
29
 
H
od
ge
s 
In
d
u
st
ri
es
, 
In
c.
 
1 
E
lc
am
er
e 
F
ar
m
s,
 I
nc
. 
4
-1
8
-6
4
 
11
81
 
N
A
 
35
35
 
-2
35
4 
47
6 
T
. 
D
. 
F
ri
en
d
 
1 
M
at
ti
so
n 
6
-1
4
-2
6
 
10
87
 
N
A
 
33
85
 
-2
29
8 
10
48
 
E
dm
un
d 
E
xp
lo
ra
ti
on
 
l 
R
. 
Bl 
E
. 
B
ro
w
n 
3
-2
9
-6
2
 
12
40
 
T
M
 
36
24
 
-2
38
4 
93
9 
C
on
ti
ne
nt
al
 0
11
 C
o.
 
1 
C
. 
W
ik
of
f 
7
-3
0
-6
0
 
81
7 
K
B
 
33
10
 
-2
49
3 
77
2 
K
ew
an
ee
 O
il
 C
o.
 
1 
P
. 
A
d
am
s 
10
-3
1-
58
 
10
81
 
C
M
 
33
90
 
-2
30
9 
81
3 
K
ew
an
ee
 0
11
 C
o.
 
1 
V
an
 P
el
t 
10
-1
2-
59
 
10
92
 
K
B
 
32
25
 
-2
13
3 
83
7 
K
ew
an
ee
 0
11
 C
o.
 
1 
H
. 
Bl 
M
. 
M
cV
ey
 
3
-2
7
-8
0
 
10
87
 
C
M
 
34
65
 
-2
37
8 
17
43
 
H
aw
ki
ns
 B
l 
H
aw
ki
ne
 
1 
V
. 
L
eo
nh
ar
dt
 
10
-1
2-
65
 
10
01
 
N
A
 
37
70
 
-2
76
9 
--
G
. 
M
. 
P
ig
go
tt
 
1 
S
p
it
le
r-
B
ro
w
n
 U
ni
t 
5-
30
-6
5 
97
7 
K
B
 
34
10
 
-2
43
3 
15
18
 
M
cC
lu
re
 O
il
 C
o.
 
1 
H
. 
Bl 
H
. 
S
m
it
h 
3
-7
-6
5
 
97
9 
K
B
 
39
90
 
-3
01
1 
16
92
 
M
in
ne
so
ta
-O
hi
o 
O
il
 C
o.
 
1 
B
. 
L
in
ds
ey
 
11
-2
8-
65
 
91
9 
K
B
 
40
53
 
-3
13
4 
40
2 
c.
 L
. 
W
is
e 
1 
H
. 
V
an
ce
 
5-
15
-3
7 
92
0 
N
A
 
38
45
 
-2
92
5 
10
34
 
K
ar
l 
W
eh
m
ey
er
 
1 
L
. 
Bl 
K
. 
S
pr
ai
n 
5-
11
-6
2 
99
6 
K
B
 
39
94
 
-2
99
8 
18
50
 
M
in
ne
so
ta
-O
hi
o 
01
1 
C
o.
 
1 
C
. 
G
re
g
o
ry
 
12
-1
4-
65
 
11
95
 
G
L
 
46
85
 
-3
49
0 
12
02
 
S
ou
th
er
n 
T
ri
an
g
le
 C
o.
 
1 
F
. 
Jo
n
es
 
1
-1
5
-6
4
 
94
5 
K
B
 
34
22
 
-2
47
7 
86
7 
O
hi
o 
F
u
el
 G
as
 C
o.
 
1 
M
. 
P
. 
S
ay
lo
r 
10
-1
5-
60
 
81
9 
D
F
 
44
00
 
-3
58
1 
19
28
 
S
un
 O
il
 C
o.
 
1 
K
ry
sl
k-
W
ak
ef
!e
ld
 
6
-2
4
-6
6
 
82
8 
K
B
 
44
55
 
-3
62
7 
--
B
un
 O
il
 C
o.
 
1 
A
. 
H
er
m
an
 
12
-2
8-
66
 
83
0 
K
B
 
44
50
 
-3
62
0 
75
1 
K
ew
an
ee
 0
11
 C
o.
 
1 
E
, 
W
il
so
n 
8-
25
-5
7 
10
17
 
C
M
 
33
40
 
-2
32
3 
76
7 
K
ew
an
ee
 O
il
 C
o.
 
1 
L
. 
B
ar
n
es
 
11
-2
5-
58
 
10
44
 
C
M
 
33
75
 
-2
33
1 
75
0 
K
ew
an
ee
 0
11
 C
o.
 
1 
E
. 
H
op
ki
ns
 
7-
12
-5
7 
96
5 
C
M
 
35
70
 
-2
60
5 
19
26
 
M
ar
b
le
 C
IU
f 
Q
u
ar
ri
es
 
1 
M
ar
b
le
 C
lU
f 
Q
u
ar
ri
es
 
1
-3
0
-6
5
 
69
7 
K
B
 
36
20
 
-2
93
2 
92
5 
L
ak
e 
S
ho
re
 P
ip
el
in
e 
C
o.
 
1 
W
. 
R
. 
M
ar
sh
al
l 
C
om
m
. 
5-
31
-6
1 
10
07
 
K
B
 
83
29
 
-7
32
2 
19
52
 
K
in
-A
rk
 0
11
 C
o.
 
l 
J.
 G
. 
D
rw
n
m
el
sm
it
h
 
7
-1
3
-6
6
 
80
9 
K
B
 
28
00
 
-1
99
1 
47
7 
J.
 
E
. 
F
en
n
er
ty
 
1 
D
. 
L
. 
N
o
rr
is
 
19
12
? 
83
0 
N
A
 
27
70
 
-1
94
0 
12
66
 
F
ra
n
k
 M
. 
D
ev
er
 
1 
C
. 
Bl 
M
. 
F
ra
zi
er
 
6
-2
-6
4
 
82
4 
D
F
 
30
15
 
-2
19
1 
10
15
 
N
or
m
an
 w
. 
E
dm
un
d 
l 
D
. 
Bl 
D
. 
Jo
n
es
 
4-
10
-6
2 
94
1 
K
B
 
28
18
 
-1
87
7 
82
2 
K
ew
an
ee
 O
il
 C
o.
 
1 
H
. 
Bl 
F
. 
P
av
ey
 
ll
·l
-5
9
 
10
43
 
K
B
 
34
80
 
-2
43
7 
19
48
 
E
. 
J.
 D
un
ig
an
, 
Jr
. 
1 
M
. 
&
 H
. 
H
oc
km
an
 
6
-3
0
-6
6
 
97
0 
K
B
 
64
69
 
-5
49
9 
T
o
ta
l 
deu
ri 
L
o
g
s 
R
em
ar
k
s 
37
90
 
G
R
N
,F
D
 
G
P.
N
 t
op
 
38
29
 
G
R
N
,R
 
sa
 to
p 
32
06
 
G
R
N
 
G
R
N
to
p
 
69
07
 
N
A
 
S
a 
to
p 
67
50
 
N
A
 
Sa
 t
op
 
35
70
 
G
R
N
 
S
a 
to
p 
46
47
 
S
a 
S
a 
to
p 
36
44
 
R
, S
o 
S
a 
to
p 
34
35
 
G
R
N
,R
,S
o
 
S
a 
to
p 
34
57
 
R
 
Sa
 t
op
 
32
59
 
R
 
S
a 
to
p 
34
65
 
R
,S
o 
S
a 
to
p 
37
74
 
N
A
 
S
a 
to
p 
34
13
 
G
R
N
 
G
R
N
to
p
 
40
35
 
N
A
 
Sa
 t
op
 
40
71
 
N
A
 
S
a 
to
p 
42
91
 
S
a 
sa
 to
p 
40
35
 
G
R
N
,R
 
S
a 
to
p 
46
85
 
N
A
 
Sa
 t
op
 
34
26
 
G
R
N
,R
 
S
a 
to
p 
44
17
 
G
R
N
 
S
a 
to
p 
44
63
 
G
R
N
,R
 
S
a 
to
p 
44
66
 
N
A
 
W
el
l 
ca
rd
 t
op
 
34
94
 
G
R
N
,R
 
S
a 
to
p 
34
10
 
G
R
N
,T
 
Sa
 t
op
 
47
08
 
G
R
N
,R
,S
a 
S
a 
to
p 
36
23
 
G
R
N
,R
 
S
a 
to
p 
86
22
 
G
R
N
,R
 
Sa
 t
o
p
 
28
05
 
N
A
 
sa
 to
p 
29
80
 
N
A
 
S
a 
to
p 
30
17
 
G
R
N
,R
 
S
a 
to
p 
28
34
 
R
,S
o
 
sa
 to
p 
35
12
 
R
 
S
a 
to
p 
64
95
 
G
R
N
,R
 
Sa
 t
op
 
T
A
B
L
E
 1
 -
W
E
L
L
S
 D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 O
H
IO
 
L
an
d 
P
er
m
it
 
S
am
p
le
 
W
el
l 
C
om
pl
et
io
n 
E
le
v.
 a
t 
w
el
l 
D
ep
th
 E
le
v.
 o
f 
P
€
 
T
o
ta
l 
C
ou
nt
y 
T
ow
ns
hi
p 
an
d
 m
ap
 
O
p
er
at
o
r 
L
ea
se
 
h
ea
d
 (
ft
 a
bo
ve
 t
o 
P
€
 
(f
t 
be
lo
w
 
de
pt
h 
L
og
s 
R
em
ar
k
s 
di
vi
si
on
 
no
. 
no
. 
no
. 
d
at
e 
S
P
A
 1
 ..
 v
el
l 
(f
tl
 
se
a
 l
ev
el
l 
lf
tl
 
H
ur
on
 
P
e
ru
 
S
ec
. 
2 
11
 
1
6
3
-B
 
c.
 W
. 
W
hi
te
 
1 
P
. 
&
 B
. 
A
rt
ln
g
 
11
-2
2-
37
 
74
9 
N
A
 
39
01
 
-3
15
2 
42
70
 
S
a 
T
o
p
 f
ro
m
 o
ri
g
. 
sm
p
l.
 d
es
cr
. 
Ja
ck
so
n
 
F
ra
n
k
li
n
 
S
ec
. 
23
 (
SW
) 
76
 
16
25
 
R
al
ph
 H
al
b
er
t 
1 
G
. 
&
 L
 W
oo
d 
7
-8
-6
4
 
82
0 
K
B
 
62
18
 
-5
39
8 
63
20
 
G
R
N
,R
 
S
a 
to
p
 
F
ra
n
k
li
n
 
S
ec
. 
31
 (
SW
) 
79
 
16
27
 
R
al
ph
 H
al
b
er
t 
1 
W
. 
G
. 
B
ro
w
n 
9
-1
7
-6
4
 
84
1 
D
F
 
59
90
 
-5
14
9 
59
91
 
N
A
 
W
el
l 
c
a
rd
 t
op
 
H
am
il
to
n 
S
ec
, 
28
 (
S
E
) 
79
 
16
26
 
R
al
ph
 H
al
b
er
t 
1 
S
la
ve
ns
 
8
-1
3
-6
4
 
65
5 
N
A
 
55
75
 
-4
92
0 
56
81
 
N
A
 
S
a 
to
p 
K
no
x 
H
il
li
ar
 
L
o
t 
21
 (
3Q
) 
16
04
 
14
67
 
K
in
-A
rk
 0
11
 C
o.
 
l 
C
, 
G
. 
H
uf
fm
an
 
1
2
-3
1
-6
4
 
11
83
 
K
B
 
47
80
 
-3
59
7 
48
07
 
Bo
 
S
a 
to
p
 
M
il
la
rd
 
S
ec
. 
10
 (
N
W
) 
14
68
 
10
55
 
O
hl
o 
F
u
el
 G
as
 C
o.
 
1 
G
. 
D
. 
L
ar
im
o
re
 
1
-9
-6
3
 
12
04
 
K
B
 
53
55
 
-4
15
1 
53
76
 
G
R
N
 
S
a 
to
p
 
P
ik
e 
S
ec
. 
9 
(N
E
) 
14
13
 
18
39
 
D
av
id
 L
. 
C
an
tw
ay
 
l 
E
. 
E
. 
C
un
ni
ng
ha
m
 
8
-7
-6
1
 
12
52
 
K
B
 
57
15
 
-4
46
3 
57
45
 
R
,S
o
 
R
 t
op
 
L
aw
re
n
ce
 
S
ym
m
es
 
S
ec
. 
13
 (
SW
) 
17
4 
92
7 
J.
 s
ta
n
le
y
 G
ol
db
er
g 
1 
A
. 
J.
 
P
ay
n
e 
1
0
-1
-6
3
 
60
0 
N
A
 
--
--
70
02
 
--
O
W
D
D
, 
no
 i
nf
o.
 
L
ic
ki
ng
 
H
ar
tf
o
rd
 
L
o
t 
2 
(3
Q
) 
20
57
 
12
13
 
H
ow
ar
d 
D
. 
A
th
a 
1 
H
. 
&
 M
. 
R
o
b
er
ts
 
2
-2
9
-6
4
 
11
79
 
K
B
 
49
10
 
-3
73
1 
49
52
 
G
R
N
,R
 
S
a 
to
p 
L
im
a 
L
o
t 
16
 (
3Q
) 
22
52
 
17
17
 
A
sh
la
nd
 O
il
 &
 R
ef
, 
C
o.
 
l 
C
. 
S,
 
S
ch
ln
el
ze
r 
8
-3
0
-6
5
 
10
80
 
K
B
 
47
85
 
-3
70
5 
48
02
 
N
A
 
S
a 
to
p 
M
ar
y
 A
nn
 
S
ec
. 
15
 (
N
W
) 
18
26
 
10
62
 
L
ak
e 
S
ho
re
 P
ip
el
in
e 
C
o,
 
1 
L
. 
P
. 
C
ro
w
le
y
 
8
-1
5
-6
1
 
10
60
 
K
B
 
59
78
 
-4
91
8 
59
91
 
G
R
N
,R
,S
o
 
S
a 
to
p 
L
og
an
 
M
cA
rt
h
u
r 
V
M
SL
 9
93
0 
18
 
S
-1
92
 
O
hi
o 
O
il
 C
o.
 
1 
V
. 
Jo
h
n
s 
et
 a
l.
 
7
-9
-4
7
 
11
86
 
G
L
 
32
50
 
-2
0
6
4
 
33
61
 
R
,S
a 
S
a 
to
p 
C
-6
45
 
L
o
ra
in
 
H
en
ri
et
ta
 
L
o
t 
9 
(S
W
) 
79
4 
89
4 
E
as
t 
O
hi
o 
G
as
 C
o,
 
1 
A
. 
&
 A
. 
B
o
rn
 
11
-1
4-
60
 
85
0 
D
F
 
45
73
 
-3
72
3 
45
90
 
O
R
N
 
S
a 
to
p 
M
ad
is
on
 
F
ai
rf
ie
ld
 
V
M
SL
 9
71
7 
3 
16
94
 
A
m
er
ad
a 
P
et
r.
 C
or
p.
 
1 
J,
 
R
. 
H
um
e 
1
1
-1
-6
5
 
99
5 
K
B
 
36
14
 
-2
61
9 
36
31
 
G
R
N
,R
,S
o
 
S
a 
to
p 
M
ar
io
n
 
C
la
ri
d
o
n
 
S
ec
, 
27
 (
N
E
) 
8 
10
86
 
U
ni
te
d 
P
ro
d
u
ci
n
g
 
1 
H
. 
&
 M
. 
M
it
ch
el
l 
3
-1
4
-6
2
 
10
01
 
K
B
 
36
65
 
-2
66
4 
36
72
 
G
R
N
,R
 
S
a 
to
p 
C
la
ri
d
o
n
 
S
ec
. 
32
 (
N
W
) 
49
 
--
M
id
la
nd
 D
rl
g.
 C
o,
 
1 
F
. 
L
. 
G
ru
b
er
 
6
-1
5
-6
4
 
98
1 
K
B
 
34
49
 
-2
4
6
8
 
34
52
 
O
R
N
 
D
rl
g
. 
ti
m
e 
to
p 
V
I 
M
ed
in
a 
G
ra
n
g
er
 
L
ot
 4
2 
(S
E
) 
12
01
 
81
2 
O
hi
o 
F
u
el
 G
as
 C
o.
 
1 
M
. 
E
. 
W
ar
n
er
 
8
-2
5
-5
9
 
11
17
 
K
B
 
66
45
 
-5
52
8 
67
28
 
So
 
S
a 
to
p 
H
in
ck
le
y 
L
ot
 6
9 
(N
W
) 
11
43
 
81
9 
W
is
er
 O
il
 C
o.
 
1
-A
 
F
. 
L.
 S
m
it
h
 
1
-3
-5
9
 
12
00
 
K
B
 
65
75
 
-5
37
5 
70
40
 
G
R
N
,R
 
S
a 
to
p 
M
ia
.m
l 
L
o
st
 C
re
ek
 
S
ec
.1
3
 (
N
W
) 
3 
76
4 
N
at
io
na
l 
A
ss
o
c.
 
P
et
ro
le
u
m
 
1 
E
. 
W
al
k
er
 
5
-8
-6
2
 
10
35
 
K
B
 
32
45
 
-2
21
0 
35
13
 
G
R
N
 
S
a 
to
p 
W
as
hi
ng
to
n 
S
ec
, 
3 
(N
W
) 
1 
66
9 
Su
n 
O
il
 C
o.
 
1 
R
. 
L
ev
er
in
g 
9
-3
-5
5
 
99
5 
D
F
 
32
80
 
-2
28
5 
34
11
 
G
R
N
 
S
a 
to
p 
M
or
ro
w
 
B
en
ni
ng
to
n 
L
o
t 
13
 (
3Q
) 
13
88
 
13
53
 
R
o
b
er
t 
W
ra
y
 
1 
J.
 
&
 B
. 
M
cB
ee
 
4
-1
1
-6
4
 
11
40
 
K
B
 
44
35
 
-3
2
9
5
 
44
50
 
G
R
N
,R
,B
o
 
S
a 
to
p 
C
an
aa
n 
S
ec
. 
19
 (
SW
) 
25
50
 
17
19
 
O
tt
er
-C
re
ek
 E
xp
!,
 
C
o.
 
1 
J,
 &
 J
, 
Ir
ey
 
6
-1
1
-6
5
 
10
04
 
K
B
 
38
70
 
-2
8
6
6
 
38
76
 
N
A
 
S
a 
to
p 
C
an
aa
n 
S
ec
. 
33
 (
N
W
) 
12
 
10
79
 
U
ni
te
d 
P
ro
d
u
ci
n
g
 C
o.
 
3 
O
. 
&
 E
. 
M
y
er
s 
7
-2
8
-6
1
 
10
16
 
K
B
 
40
02
 
-2
99
5 
41
00
 
G
R
N
,R
 
S
a 
to
p 
ca
rd
!n
g
to
n
 
S
ec
. 
18
 (
SW
) 
ll
l3
5 
13
38
 
C
om
an
ch
e 
O
il
 C
o.
 
1
-C
 
E
. 
&
 V
. 
B
us
h 
8
-2
2
-6
4
 
99
9 
K
B
 
38
64
 
-2
86
5 
38
66
 
G
R
N
,R
 
O
R
N
 t
op
 
P
e
ru
 
L
ot
 1
6 
(I
Q
) 
16
81
 
13
00
 
K
in
-A
rk
 O
U
 C
o,
 
5 
S
h
av
er
-N
ef
f 
U
ni
t 
6
-1
9
-6
4
 
10
08
 
K
B
 
41
95
 
-3
18
7 
42
15
 
O
R
N
 
S
a 
to
p 
T
ro
y
 
Se
c.
 
19
 (
N
W
) 
47
 
10
33
 
P
an
 A
m
er
ic
an
 P
et
r.
 
C
or
p.
 
1 
A
. 
C
. 
W
in
db
lg
le
r 
1
1
-2
-6
2
 
13
98
 
K
B
 
48
72
 
-3
47
4 
48
90
 
G
R
N
,R
 
S
a 
to
p 
W
es
tf
ie
ld
 
S
ec
. 
21
 (
S
E
) 
33
 
10
36
 
K
ar
l 
W
el
un
ey
er
 
1 
J.
 W
. 
H
en
ry
 
1
-8
-6
2
 
99
4 
K
B
 
40
08
 
-3
0
1
4
 
40
48
 
G
R
N
,R
,B
o 
S
a 
to
p
 
N
ob
le
 
E
lk
 
Se
c.
 
31
 (
S
E
) 
12
79
 
--
A
m
er
ad
a 
P
et
r.
 C
o
rp
. 
1 
R
o
b
er
t 
U
ll
m
an
 
--
--
K
B
 
--
--
11
, 4
42
 
--
--
P
!c
lt
aw
ay
 
Ja
ck
so
n
 
V
M
S
L
79
47
 
4 
13
93
 
M
cM
ah
on
-B
ul
li
ng
to
n 
C
o.
 
1 
M
, 
M
. 
C
ro
m
an
 
9
-8
-6
3
 
79
7 
K
B
 
36
85
 
-2
88
8 
37
31
 
N
A
 
S
a 
to
p 
M
o
n
ro
e 
V
M
SL
 4
29
0 
2 
78
6 
K
ew
an
ee
 O
il
 C
o,
 
1-
A
 
H
. 
L
on
g 
l-
H
l-
5
9
 
85
6 
C
M
 
31
90
 
-2
3
3
4
 
32
57
 
R
,T
 
S
a 
to
p 
P
ic
ka
w
ay
 
S
ec
. 
7W
 (
N
E
) 
6 
15
40
 
M
id
w
es
t 
O
il
 &
 G
as
 C
o.
 
1 
c.
 A
. 
M
il
le
r 
1
0
-2
-6
4
 
69
3 
D
F
 
41
48
 
-3
45
5 
41
79
 
G
R
N
,R
,S
o
 
S
a 
to
p 
P
ut
na
m
 
L
ib
er
ty
 
S
ec
. 
29
 (
SW
) 
31
 
15
6 
O
hi
o 
O
il
 C
o.
 
1 
L
. 
B
ar
la
g
e 
3
-2
1
-4
4
 
74
0 
N
A
 
32
50
 
-2
51
0 
33
77
 
N
A
 
S
a 
to
p 
R
ic
hl
an
d 
W
as
hi
ng
to
n 
S
ec
. 
14
 (
SW
) 
43
1 
--
T
ri
-S
ta
te
 P
ro
d
u
ci
n
g
 C
o.
 
2 
C
. 
&
 K
. 
S
co
tt
 
9
-5
-6
6
 
14
37
? 
N
A
 
54
83
 
-3
94
6 
55
03
 
N
A
 
W
el
l 
ca
rd
 to
p 
R
o
ss
 
C
o
n
co
rd
 
V
M
S
L
no
. 
N
A
 
9 
14
54
 
C
re
st
 O
il
 C
o.
 
1 
0
. 
&
 0
, 
C
la
rk
 
12
-2
9-
64
 
10
35
 
K
B
 
38
45
 
-2
81
0 
38
63
 
G
R
N
,R
 
S
a 
to
p 
S
an
du
sk
y 
B
al
lv
il
le
 
S
ec
, 
31
 (
SW
) 
12
6 
--
C
. 
&
 E
. 
01
1 
C
o.
 
1 
R
. 
C
, 
R
ec
k
er
 
2
-6
-6
5
 
67
5 
D
F
 
26
15
 
-1
94
0 
26
77
 
G
R
N
,S
a,
S
o
 
S
a 
to
p 
M
ad
is
on
 
S
ec
. 
22
 (
S
E
) 
14
6 
--
R
u
ss
el
l 
M
ag
ui
re
 C
o.
 
1 
A
le
sh
ir
e-
M
ar
at
h
o
n
 
1
0
-4
-6
5
 
70
6 
K
B
 
27
56
 
-2
05
0 
27
59
 
G
R
N
,R
 
O
R
N
 t
op
 
R
ic
e 
S
ec
. 
30
 (
N
W
) 
1 
--
W
. 
A
. 
M
on
tg
om
er
y 
1 
N
. 
T
. 
H
et
ri
ck
 
8
-1
-3
6
 
59
0 
G
L
 
27
01
 
-2
11
1 
27
96
 
N
A
 
W
el
l 
ca
rd
 t
op
 
T
ow
ns
en
d 
S
ec
. 
33
 (
N
W
) 
77
 
89
5 
E
as
t 
O
hi
o 
G
as
 C
o.
 
1 
V
. 
&
 L
 
H
a.
ff
 
1
2
-2
-6
0
 
64
4 
D
F
 
30
95
 
-2
45
1 
31
23
 
G
R
N
,R
,B
o 
S
a 
to
p 
W
oo
dv
il
le
 
Se
c.
 
9 
(N
W
) 
--
30
5 
O
hi
o 
01
1 
C
o.
 
1 
w
. 
H
. 
B
ru
n
s 
9
-2
2
-0
2
 
65
5 
G
L
 
26
70
 
-2
01
5 
28
22
 
S
a 
S
a 
to
p 
W
oo
dv
il
le
 
S
ec
. 
36
 (
N
W
) 
14
7 
16
53
 
R
u
ss
el
l 
M
ag
u
ir
e 
C
o.
 
1 
P
. 
L
. 
K
er
b
el
 
1
1
-2
9
-6
5
 
64
7 
K
B
 
27
35
 
-2
08
8 
27
82
 
G
R
N
,R
 
S
a 
to
p 
S
en
ec
a 
A
d
am
s 
S
ec
. 
31
 (
N
E
) 
12
8 
15
76
 
A
sh
la
n
d
 O
il
 &
 R
ef
. 
c
o
. 
1 
W
. 
P
. 
S
ti
g
am
lr
e 
1
-2
4
-6
5
 
79
6 
K
B
 
31
47
 
-2
35
1 
31
75
 
O
R
N
, 
R
,S
o
 
S
a 
to
p 
P
le
as
an
t 
S
ec
. 
28
 (
N
E
) 
D
-3
2 
--
Su
n 
01
1 
C
o.
 
2 
T
. 
W
at
so
n 
H
ei
rs
 
3
-2
0
-1
2
 
71
0 
T
M
 
29
00
 
-2
19
0 
29
35
 
N
A
 
W
el
l 
c
a
rd
 t
op
 
. 
T
A
B
L
E
 1
 -
W
E
L
L
S
 D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 O
IU
O
 
L
an
d 
P
er
m
it
 
S
am
pl
e 
W
el
l 
C
om
pl
et
io
n 
E
le
v.
 a
t 
w
el
l 
D
ep
th
 E
le
v.
 o
f 
P
€
 
T
o
ta
l 
C
ou
nt
y 
T
ow
ns
hi
p 
an
d
 m
ap
 
O
p
er
at
o
r 
L
ea
se
 
he
ad
 (
ft
 a
bo
ve
 t
o 
P
€
 
(f
t 
be
lo
w
 
de
pt
h 
L
og
s 
R
e
m
a
rk
s 
di
vi
si
on
 
no
. 
no
. 
no
. 
da
te
 
se
a 
le
ve
l)
 
(f
t)
 
se
a 
le
ve
l)
 
<i
tl 
lt
le
lb
y 
P
e
rr
y
 
S
ec
. 
24
 (
SW
) 
12
 
88
7 
S
un
 O
il
 C
o.
 
1 
D
. 
M
. 
N
el
so
n 
12
-1
7-
55
 
10
50
 
D
F
 
31
43
 
-2
09
3 
32
78
 
G
R
N
 
S
a 
to
p 
S
al
em
 
S
ec
. 
3 
(N
W
) 
13
 
70
2 
G
um
p 
O
il
 C
o.
 
1 
J.
 
Cr 
B
. 
F
og
t 
ll
-1
0
-5
8
 
10
37
 
G
L
 
32
83
 
-2
24
11
 
33
60
 
Sa
 
S
a 
to
p
 
U
ni
on
 
U
ni
on
 
V
M
S
L
74
'1
4 
2 
93
7 
H
. 
H
. 
&
 R
. 
O
pe
r.
 A
cc
t.
 
1 
Z
en
it
h 
H
ol
di
ng
 &
 T
ra
d
in
g
 
6-
23
-6
1 
10
01
 
K
B
 
33
45
 
-2
34
4 
33
52
 
G
R
N
,R
 
Sa
 t
op
 
W
as
hi
ng
to
n 
V
M
SL
 1
09
38
 
13
 
--
T
. 
&
 W
. 
O
il
 C
o.
 
1 
R
. 
&
 A
. 
L
an
e 
9
-1
9
-6
4
 
99
6 
N
A
 
29
85
 
-1
98
9 
29
89
 
N
A
 
W
el
l 
ca
rd
 t
op
 
W
ay
ne
 
C
hi
pp
ew
a 
S
ec
. 
21
 (
SW
) 
71
 
--
E
as
t 
O
hi
o 
G
as
 C
o.
 
2 
N
. 
J.
 S
te
in
er
 
8-
12
-8
1 
96
0 
K
B
 
69
00
 
-5
94
0 
69
19
 
G
R
N
,R
,S
o 
Sa
 t
o
p
 
w
a:
vn
e 
S
ec
. 
14
 (
SE
) 
14
19
 
19
44
 
G
re
at
 L
ak
es
 G
as
 C
or
p.
 
1 
A
. 
D
ra
k
e 
9
-2
0
-6
5
 
11
51
 
K
B
 
67
00
 
-5
54
9 
68
97
 
G
R
N
 
G
R
N
to
p
 
W
il
ll
am
s 
S
t.
 J
o
se
p
h
 
S
ec
. 
21
 (
N
E
) 
34
 
11
19
1 
W
al
te
r 
B
eg
ll
ng
er
 
1 
0
. 
J.
 
K
en
ne
rk
 
4
-2
0
-6
5
 
84
2 
D
F
 
39
25
 
-3
08
3 
41
36
 
G
R
N
 
G
R
N
to
p
 
W
oo
d 
C
en
ts
r 
S
ec
. 
4 
(S
E
) 
23
7 
14
11
8 
K
in
-A
rk
 O
il
 C
o.
 
1 
E
. 
C
ar
te
r 
1
-1
1
-6
5
 
67
2 
K
B
 
28
10
 
-2
13
8 
28
27
 
G
R
N
,R
 
Sa
 t
op
 
C
en
te
r 
S
ec
. 
31
 (
SW
) 
22
9 
13
17
 
S
ou
th
er
n 
T
ri
an
g
le
 O
il
 C
o.
 
1 
B
. 
B
. 
K
na
us
s 
7
-5
-6
4
 
69
4 
K
B
 
27
20
 
-2
02
8 
27
84
 
R
 
Sa
 t
op
 
L
ib
er
ty
 
S
ec
. 
12
 (
S
E
) 
--
62
6 
J.
 s
. 
B
ra
ll
ey
 
1 
S.
 
E
. 
K
il
li
an
 
8-
25
-3
7 
68
0 
T
M
 
28
80
 
-2
20
0 
29
27
 
Sa
 
S
a 
to
p 
L
ib
er
ty
 
S
ec
. 
36
 (
S
W
) 
23
1 
--
J.
 I
. 
O
'N
ei
ll
 
1 
L
. 
L
. 
P
ee
k
 
9
-1
4
-6
4
 
69
8 
K
B
 
27
60
 
-2
06
2 
27
70
 
G
R
N
,R
 
G
R
N
to
p
 
M
id
dl
et
on
 
S
ec
. 2
1·
W
 (S
E
) 
23
9 
18
56
 
J.
 R
. 
S.
 
C
o.
 
1 
c.
 A
sm
u
s 
5
-2
5
-8
5
 
67
0 
K
B
 
28
00
 
-2
13
0 
28
25
 
N
A
 
S
a 
to
p
 
P
la
in
 
S
ec
. 
1 
(N
W
) 
23
8 
14
88
 
K
in
-A
rk
 O
il
 C
o.
 
1 
R
. 
S
m
it
h 
1
-3
-6
5
 
67
7 
K
B
 
27
73
 
-2
09
6 
27
86
 
G
R
N
 
Sa
 t
op
 
W
ya
nd
ot
 
C
ra
w
fo
rd
 
S
ec
. 
18
 (
N
W
) 
7l
l 
99
 
O
hi
o 
O
il
 C
o.
 
1 
N
. 
H
ed
i: 
5
-1
2
-4
2
 
86
0 
G
L
 
26
00
 
-1
94
0 
28
01
 
S
a 
Sa
 t
op
 
E
de
n 
S
ec
. 
3 
(S
E
) 
21
1 
17
08
 
M
in
ne
ao
ta
-O
bl
o 
O
il
 C
o.
 
1 
G
. 
E
ye
st
on
e 
10
-1
1-
65
 
93
5 
G
L
 
32
40
 
-2
30
5 
32
60
 
N
A
 
S
a 
to
p 
Ja
ck
so
n
 
S
ec
. 
38
 (
N
E
) 
D
-8
 
17
1 
D
ib
bl
e 
&
 M
il
le
r 
1 
P
. 
M
. 
P
ar
se
ll
 
3
-7
-4
7
 
91
0 
T
M
 
--
--
56
31
 
N
A
 
S
m
pl
s.
 m
is
si
n
g
 
M
ilf
lln
 
Se
c,
 
14
 (
N
W
) 
17
4 
12
22
 
T
ex
ac
o,
 I
nc
. 
1 
M
, 
E
. 
B
ow
en
 
4
-3
0
-6
4
 
83
3 
G
L
 
28
50
 
-2
01
7 
29
02
 
G
R
N
,R
 
S
a 
to
p
 
S
al
em
 
S
ec
. 
31
 (
SW
) 
17
3 
12
14
 
C
om
an
ch
e 
O
il
 C
o.
 
1 
L
 
F
re
y
 
2
-1
-8
4
 
86
5 
G
L
 
28
62
 
-1
99
7 
28
75
 
N
A
 
S
a 
to
p 
0
\ 
T
A
B
L
E
 2
 -
W
E
L
L
S
 D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 I
N
D
IA
N
A
 
L
an
d 
P
er
m
it
 
S
am
pl
e 
W
el
l 
C
om
pl
et
io
n 
E
le
v.
 a
t 
w
el
l 
D
ep
th
 E
le
v.
 o
f 
PE
: 
C
ou
nt
y 
I 
T
ow
ns
hi
p 
I 
an
d
m
ap
 
O
p
er
at
o
r 
L
ea
se
 
he
ad
 (
ft
 a
bo
ve
 t
o 
P
€
 
(t
t 
be
lo
w
 
I d
ep
th
 I 
L
og
s 
I 
R
e
m
a
rk
s 
di
vi
si
on
 
no
. 
no
. 
no
. 
d
at
e 
se
a 
le
ve
l)
 
(f
t)
 
se
a 
le
ve
l 
A
ll
en
 
I 
P
le
as
an
t 
I S
ec
. 
33
, 
T
. 
29
 N
.,
 
50
12
 
20
86
 
T
ec
u
m
se
h
 O
il
 &
 G
as
 C
o.
 
1 
J,
 W
. 
G
ib
so
n 
10
-2
2-
47
 
8
2
2
 
G
L
 
34
76
 
-2
6
5
4
 
35
17
 
N
A
 
>
 
R
. 
12
 E
. 
$'
 =
 
H
en
ry
 
I D
ud
le
y 
I S
ec
. 
12
, 
T
. 
16
 N
.,
 
32
15
 
15
09
 
O
hi
o 
O
il 
C
o.
 
1 
H
. 
&
 N
. 
M
ay
 
10
-1
7-
45
 
10
60
 
N
A
 
36
49
 
-2
58
9 
36
64
 
N
A
 
r~ 
R
. 
11
 E
. 
Ja
y
 
I J
at
:k
so
n 
I Sec
. 
29
, 
T
. 
24
 N
.,
 
62
2 
--
P
et
ro
le
u
m
 D
ev
. 
C
or
p.
 
1 
Ja
co
b
 B
in
eg
ar
 
4
-1
-4
0
 
11
44
 
N
A
 
33
51
 
-2
40
7 
34
04
 
N
A
 
J~[
 
R
. 
13
 E
. 
~ ,
2!r
 
Ja
d<
so
n 
S
ec
. 
29
, 
T
. 
24
 N
.,
 
26
15
 
47
27
 
F
ar
m
 B
u
re
au
 O
il
 C
o.
 , 
Jn
c.
 
1 
J,
 
&
 G
. 
B
in
eg
ar
 
5-
10
-4
4 
94
9 
D
F
 
33
33
 
-2
38
4 
33
95
 
N
A
 
_ ..
. 
R
. 
13
 E
. 
~-i
 
W
ay
ne
 
I A
bb
in
gt
on
 
I S
ec
. 
23
, 
T
. 
15
 N
.,
 
74
87
 
--
P
o
rt
e
r 
G
or
t e
n
 
1 
M
. 
L
. 
D
o
d
d
ri
d
g
e 
2
-1
6
-5
0
 
95
7 
N
A
 
34
35
 
i;
 
-2
47
8 
39
07
 
N
A
 
.. 
R
. 
13
 E
. 
T
A
B
L
E
 3
 -
W
E
L
L
S 
D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 K
E
N
T
U
C
K
Y
 
C
ar
te
r 
C
od
e 
W
el
l 
E
le
v.
 a
t 
w
el
l 
D
ep
th
 
E
le
v.
 o
f 
P
€
 
T
o
ta
l 
C
ou
nt
y 
co
or
di
na
te
s 
O
p
er
at
o
r 
L
ea
se
 
he
ad
 (
ft
 a
bo
ve
 
to
 P
€
 
(f
t 
be
lo
w
 
de
pt
h 
L
og
s 
R
em
ar
k
s 
·,
' 
an
d
 m
an
 n
o,
 
no
. 
no
. 
se
a 
le
ve
l)
 
(f
t)
 
se
a 
le
ve
l)
 
(i
t)
 
B
oo
ne
 
9
-E
E
-5
8
 
4 
C
ec
il
 C
on
ne
rs
 
l 
F
. 
M
. 
F
o
rd
 
90
8 
K
B
 
36
94
 
-2
78
6 
40
89
 
N
A
 
C
ar
te
r 
3-
V
-7
7 
6 
U
ni
te
d 
F
ue
l 
G
as
 C
o.
 
l 
L
. 
L
. 
S
ta
m
pe
r 
85
7 
K
B
 
50
58
 
-4
20
1 
50
85
 
N
A
 
!:I
> "=
 
C
ar
te
r 
12
-V
-7
7 
15
 
A
sh
la
nd
-C
ab
ot
 
l 
S
ta
pl
et
on
 
94
8 
G
L
 
52
20
 
-4
27
2 
52
51
 
N
A
 
e' 
i' 
E
ll
io
tt
 
22
-T
-7
6 
5 
U
ni
te
d 
F
ue
l 
G
as
 C
o.
 
l 
J,
 
H
. 
L
it
to
n 
96
8 
N
A
 
51
90
 
-4
22
2 
53
94
 
N
A
 
s-,.
 
~ 2
' 
L
ew
is
 
13
-Y
-7
6 
7 
R
al
ph
 T
ho
m
as
 
l 
D
. 
A
da
m
s 
56
0 
K
B
 
41
54
 
-3
59
4 
41
90
 
N
A
 
i~
 
L
ew
is
 
19
-W
-7
5 
9 
U
ni
te
d 
F
ue
l 
G
as
 C
o.
 
1 
A
. 
S
he
ph
er
d 
91
5 
K
B
 
45
35
 
-3
62
0 
45
50
 
N
A
 
_.,
. 
M
as
on
 
15
-Y
-7
1 
8 
U
ni
te
d 
F
u
el
 G
as
 C
o.
 
1 
W
, 
R
aw
li
ng
s 
76
9 
K
B
 
32
75
 
-2
50
6 
33
14
 
N
A
 
~ z
. ~~ 
M
on
tg
om
er
y 
6-
R
-6
7 
10
 
F
er
gu
so
n 
&
 B
os
w
or
th
 
16
-1
 
A
. 
P
o
tt
er
 
98
9 
N
A
 
43
63
 
-3
37
4 
44
81
 
N
A
 
.. "' .... 
R
ow
an
 
4
-T
-7
5
 
11
 
P
en
nz
oi
l 
l 
C
. 
Jo
n
es
 
11
94
 
G
L
 
49
68
 
-3
77
4 
49
91
 
N
A
 
-.
.j
 
T
A
B
L
E
 4
 -
W
E
L
L
S
 D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 M
IC
fi
lG
A
N
* 
P
er
m
it
 
W
el
l 
C
om
pl
et
io
n 
E
le
v,
 a
t 
w
el
l 
D
ep
th
 
E
le
v,
 o
f 
P
€
 
T
ot
al
 
C
ou
nt
y 
T
ow
ns
hi
p 
L
an
d 
di
vi
si
on
 
an
d
 m
ap
 
O
p
er
at
o
r 
L
ea
se
 
he
ad
 (
ft
 a
bo
ve
 
to
 P
€
 
(f
t 
be
lo
w
 
de
pt
h 
L
og
s 
R
em
ar
k
s 
no
. 
no
. 
da
te
 
se
a 
le
ve
il
 
(f
t)
 
se
a 
le
'V
e!
l 
(f
t)
 
L
en
aw
ee
 
R
ig
a 
S
ec
. 
32
, 
T
. 
8 
S
.,
 
S
P
 1
04
46
 
W
al
te
r 
C
ek
er
t 
l 
H
. 
T
ay
lo
r 
19
44
 
71
5 
N
A
 
38
77
 
-3
16
2 
39
02
 
N
A
 
R
. 
5 
E
. 
M
on
ro
e 
B
er
li
n
 
S
ec
. 
29
, 
T
. 
5 
S
.,
 
SP
 1
12
21
 
Jo
se
p
h
 S
tu
rm
an
 
1 
D
. 
&
 R
. 
C
ha
pm
an
 
19
45
 
60
2 
N
A
 
33
75
 
-2
77
3 
33
77
 
N
A
 
~>
 
R
. 
10
 E
. 
,.._
 
.,._
 
Id
a 
S
ec
. 
19
, 
T
. 
7 
S
.,
 
S
P
 7
70
2 
Ja
co
b
 B
ec
k 
1 
M
rs
, 
J.
 
S
an
cr
an
t 
19
54
 
66
9 
N
A
 
36
25
 
-2
95
6 
54
95
 
N
A
 
ft
 
R
. 
7 
E
. 
S
um
m
er
fi
el
d 
S
ec
. 
16
, 
T
. 
7 
S
.,
 
S
P
 2
54
94
 
F
er
g
u
so
n
 &
 G
ar
ri
so
n
 
1 
M
. 
S
hi
m
p 
19
64
 
68
6 
N
A
 
36
37
 
-2
95
1 
36
71
 
N
A
 
o
-
3 
c 
R
. 
6 
E
. 
.d·
 
W
as
ht
en
aw
 
S
al
em
 
S
ec
. 
27
, 
T
. 
1 
S
.,
 
S
P
 1
07
92
 
L
 C
. 
C
h
am
n
es
s 
l 
T
ro
y-
R
od
de
nb
er
ry
 
19
44
 
88
6 
N
A
 
60
75
 
-5
18
9 
60
94
 
N
A
 
_.,
. 
f.l 
ll
 
R
. 
7 
E
. 
i-i
 
S
al
em
 
S
ec
. 
16
, 
T
. 
1 
S.
 ,
 
SP
 1
01
41
 
C
ol
vi
n 
&
 A
ss
o
c.
 &
 E
le
c,
 
1 
W
. 
V
os
s 
C
om
m
. 
19
44
 
91
5 
N
A
 
63
74
 
-5
45
9 
64
10
 
N
A
 
R
. 
7 
E
. 
.. 
S'
 
S
up
er
io
r 
S
ec
. 
12
, 
T
. 
2 
S
.,
 
S
P
 1
13
41
 
C
ol
'V
in
 &
 A
ss
o
c.
 &
 R
ot
. 
st
. 
1 
V
. 
M
ei
nz
ln
ge
r 
19
45
 
81
8 
N
A
 
56
70
 
-4
85
2 
56
92
 
N
A
 
"'"
' 
.... 
R
. 
7 
E
. 
W
ay
ne
 
H
ur
on
 
S
ec
. 
16
, 
T
. 
4 
S
.,
 
S
P
 1
04
30
 
C
ol
vi
n 
&
 A
ss
oc
. 
&
 E
le
c.
 
1 
T
he
is
en
 E
st
at
e 
19
44
 
62
5 
N
A
 
39
85
 
-3
36
0 
40
46
 
N
A
 
R
. 
9 
E
. 
*W
el
ls
 S
P
 1
07
92
, 
S
P
 1
01
41
, 
an
d
 S
P
 1
13
41
 l
ie
 J
us
t 
n
o
rt
h
 o
f 
th
e 
m
ap
 a
re
a.
 
00
 
T
A
B
L
E
 5
 -
W
E
L
L
S
 D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 P
E
N
N
SY
L
V
A
N
IA
 
M
ap
 
W
el
l 
C
om
pl
et
io
n 
E
le
v.
 a
t 
w
el
l 
D
ep
th
 
C
ou
nt
y 
Q
ua
dr
an
gl
e 
L
oc
at
io
n 
O
p
er
at
o
r 
L
ea
se
 
b
ea
d
 (
ft
 a
bo
ve
 
to
P
€
 
no
. 
no
. 
d
at
e 
se
a 
le
v
el
l 
Cf
tl 
C
ra
w
fo
rd
 
L
in
es
v
il
le
 
5,
 5
91
' S
. 
of
 l
at
 4
1"
50
' 
N
. 
P
A
-1
 
B
en
ed
um
 &
 A
rk
-L
a 
G
u
 C
o.
 
1 
J,
 K
a.
rd
oa
h 
9-
19
58
 
13
37
 
K
B
 
79
06
 
9,
 6
90
' 
E
. 
of
 l
on
g 
80
'2
5'
 W
. 
E
rl
e 
N
o
rt
h
ea
st
 
23
, 6
00
' S
. 
o
f 
la
t 
42
'0
5'
 N
. 
P
A
-2
 
C
on
so
li
da
te
d 
G
as
 C
or
p.
 
l 
B
. 
D
en
ne
e 
10
-1
96
5 
14
63
 
G
L
 
74
30
 
15
, 4
50
' W
. o
f 
lo
ng
 7
9"
50
'W
. 
N
o
rt
h
ea
st
 
8,
 8
00
' S
. 
of
 l
at
 4
2'
15
' 
N
. 
P
A
-3
 
H
am
m
er
m
il
l 
P
ap
er
 C
o.
 
2 
H
am
m
er
m
il
l 
8-
19
64
 
65
0 
G
L
 
59
52
 
13
, 9
00
' w
. o
f 
lo
ng
 8
0
'0
5
' w
. 
M
er
ce
r 
S
to
ne
bo
ro
 
23
, 7
50
' 
S.
 
of
 l
at
 4
1 
'2
5
' 
N
. 
P
A
-4
 
P
eo
p
le
s 
N
at
. 
G
as
 C
o.
 
1 
R
. 
T
em
pl
e 
6-
19
65
 
13
44
 
K
B
 
98
11
 
2,
 6
50
' 
w.
 o
f 
lo
ng
 s
o•
10
• 
w.
 
T
A
B
L
E
 6
 -
W
E
L
L
S
 D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 W
E
S
T
 V
IR
G
IN
IA
 
eo
un
t:v
 
I 
D
is
tr
ic
t 
L
oc
at
io
n 
M
ap
 
no
. 
O
p
er
at
o
r 
W
el
l 
L
e
a
se
 
l~
".
:!
':
:·
~"
lb
ea
d (
ft
 a
bo
ve
 I t
o 
P
€
 
I 
no
. 
M
as
on
 
C
le
nd
en
in
 
12
. 5
 m
l.
 S
. 
of
 l
at
 3
8°
45
' N
. 
IW
-1
 
U
ni
te
d 
F
u
el
 G
a1
1 
C
o.
 
1 
G
ro
v
er
 A
rr
in
g
to
n
 
I 
8
-7
-5
9
 
I 5
97
 
G
L
 I 
85
58
 
I 
W
oo
d 
W
al
ke
r 
4.
 1
2 
m
i.
 w
. o
f 
lo
ng
 
82
'2
2'
 w
. 
5.
 4
 m
i.
 S
. 
of
 l
at
 3
9
'2
0
' 
N
. 
IW
-2
 
1.
 1
4 
m
l.
 w
. o
f 
lo
ng
 
01
•1
s•
 w
. 
H
op
e 
N
at
. 
G
as
 e
t 
al
. 
I 
1 
I 
P
o
w
er
s 
O
il
 C
o.
 
I 
1-
19
55
 
11
04
5 
K
B
l1
3
,2
7
3
 I 
T
A
B
L
E
 7
 -
W
E
L
L
S
 D
R
IL
L
E
D
 T
O
 P
R
E
C
A
M
B
R
IA
N
 R
O
C
K
S 
IN
 O
N
T
A
R
IO
, 
C
A
N
A
D
A
* 
M
ap
 
W
el
l 
C
om
pl
et
io
n 
E
le
v.
 a
t 
w
el
l 
D
ep
th
 
C
ou
nt
y 
T
ow
ns
hi
p 
L
an
d 
di
vi
si
on
 
O
p
er
at
o
r 
L
ea
se
 
he
ad
 (
ft
 a
bo
ve
 
to
P
€
 
no
. 
no
. 
d
at
e 
se
a 
le
v
el
l 
(f
tl
 
E
as
ex
 
M
er
 se
a 
L
ot
 1
0,
 
co
n.
 
7 
C
-2
 
Im
p
er
ia
l 
O
il
 L
td
. ,
 
l 
G
. 
S
te
w
ar
t 
19
58
 
--
--
34
62
 
M
er
se
a 
10
-7
 
T
il
b
u
ry
 W
. 
L
ot
 1
4,
 
co
n.
 
11
 
C
-3
 
U
ni
on
-I
m
pe
ri
al
 #
8 
l 
A
in
sl
ee
 &
 M
ra
vl
k 
19
46
 
60
5 
N
A
 
35
29
 
K
en
t 
C
ha
th
am
 
L
ot
 6
, 
co
n.
 
1 
C
-4
 
A
. 
C
on
li
ff
e 
#1
 
--
--
19
40
 
59
8 
N
A
 
38
02
 
D
ov
er
 W
. 
L
ot
 1
, 
co
n.
 
3 
C
-5
 
U
ni
on
 N
at
u
ra
l 
G
as
 #
2 
--
--
--
57
5 
N
A
 
37
65
 
D
ov
er
 W
. 
L
ot
 3
, 
co
n.
 
3 
c
-6
 
U
ni
on
 N
at
u
ra
l 
G
as
 #
19
 
--
--
19
25
 
57
7 
N
A
 
37
65
 
H
ar
w
ic
h 
L
ot
 4
, 
co
n.
 
4,
 
W
es
t 
C
-7
 
Im
p
er
ia
l 
O
il
 L
td
. 
15
42
 
--
--
19
56
 
58
3 
N
A
 
40
46
 
C
om
m
un
ic
at
io
n 
R
d.
 
H
ow
ar
d 
to
t 
92
, 
B
ro
ke
n 
F
ro
n
t 
c
-8
 
Im
p
er
ia
l 
O
il
 L
td
. 
#5
30
 
3A
 
M
or
pe
th
 
19
55
 
60
9 
N
A
 
41
95
 
L
ak
e 
E
ri
e 
R
om
ne
y 
L
ot
 A
, 
G
o
re
 c
on
. 
C
-9
 
Im
pe
ri
al
-U
ni
on
-D
om
in
io
n 
l 
T
. 
A
us
ti
n 
19
58
 
62
9 
N
A
 
38
44
 
R
om
ne
y 
L
o
t 
18
, 
co
n.
 6
 
C
-1
0
 
Im
p
er
ia
l O
il
 L
td
. ,
 
--
0
. 
&
 L
. 
L
ar
so
n
 
19
58
 
--
--
35
87
 
A
da
sl
dn
 R
om
ne
y 
18
-6
 
R
om
ne
y 
L
o
t 
30
, 
co
n.
 
2 
C
-1
1 
B
lu
ew
at
er
-T
ra
n
sv
al
le
y
 
--
D
. 
A
. 
S
ha
nk
s 
19
58
 
--
--
36
63
 
T
il
b
u
ry
 E
. 
L
ot
. 
1,
 
co
n.
 
3 
C
-1
2
 
U
ni
on
 N
at
u
ra
l 
G
as
 *
6 
--
--
19
17
 
57
8 
N
A
 
37
35
 
'"
W
el
ls
 C
-4
, 
C
-5
, 
C
-6
, 
C
-7
, 
C
-8
, 
an
d 
C
·l
2
 l
ie
 j
u
st
 n
o
rt
h
 o
f 
th
e 
m
ap
 a
re
a.
 
E
le
v.
 o
f 
P
€
 
T
o
ta
l 
(f
t 
be
lo
w
 
d
ep
th
 
L
og
s 
R
em
ar
k
s 
se
a 
le
ve
l)
 
(f
t)
 
-6
56
9 
80
30
 
N
A
 
P
€
 t
op
 f
ro
m
 P
a.
 
-5
96
7 
74
65
 
N
A
 
G
eo
!.
 
S
ur
ve
y 
-5
30
2 
59
72
 
N
A
 
C
o
re
 d
es
cr
. 
to
p
 
-8
46
7 
99
19
 
N
A
 
K
 
to
p
 f
ro
m
 P
a.
 
G
eo
L
 
S
u
rv
ey
 
(f
t 
be
lo
w
 
I d
ep
th
 
I 
L
og
s 
I 
R
em
ar
k
s 
-7
96
1 
I 8
63
5 
I N
A
 
A
ll
 d
at
a 
fr
o
m
 
W
es
t 
V
ir
g
in
ia
 
-1
2
,2
2
8
 
I 1
3,
 3
31
 
I O
R
N
, R
 
I 
G
eo
lo
gi
ca
l 
S
ur
ve
y 
E
le
v.
 o
f 
P
€
 
T
o
ta
l 
(f
t 
be
lo
w
 
de
pt
h 
L
og
s 
R
em
ar
k
s 
se
a 
le
v
el
l 
(f
tl
 
--
34
90
 
N
A
 
~ 
-2
92
4 
35
49
 
N
A
 
0 
Iii" 
-3
20
4 
38
12
 
N
A
 
...
 li
t 
-3
19
0 
37
70
 
N
A
 
&:
;-
-3
18
8 
37
74
 
N
A
 
Iii"~ 
-3
46
3 
40
78
 
N
A
 
~~
 
-3
58
6 
42
06
 
N
A
 
l<K
 
-3
01
5 
36
53
 
N
A
 
;: 
P.. 
--
33
89
 
N
A
 
::;; 
lf
 ~ 
--
36
71
 
N
A
 
~ 
-3
15
7 
37
40
 
N
A
 

